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• Lung Cancer – Unrecognized 
• Invisible Killer 
• Number 1 Cancer Mortality in the USA 
• Lacks Advocacy 
• Guilt 

Invisible Ribbon 
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Staging	and	Treatment	of	
Non-small	Cell	Cancer	
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Positron	Emission	Tomography	

Preoperative PET-CT staging reduced thoracotomies 20%, futile thoracotomies18% 
Fischer B et al. N Engl J Med 2009;361:32-39 



Medias3noscopy	



Endobronchial	Utrasound		
(EBUS)	

	

Bronchoscopy	
	

Naviga3onal	Bronchoscopy	
	



Tumor     Node    Metastasis 

Non-Small	Cell	Lung	Cancer	
Treatment	=	Surgery	
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Surgery 
Consider Adjuvant! 



Adjuvant	Therapy	in	NSCLC	

Resected		
NSCLC	
Stage	I-III	

The International Adjuvant Lung Cancer Trial Collaborative Group,   N Engl J Med 
2004;350:351-360 
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Tumor     Node    Metastasis 

Non-Small	Cell	Lung	Cancer	
Simplified	TNM	Staging	
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SWOG	9504	
Gandara	JCO	21:2004,	2003	

Study  N  MST  2-YS  3-YS 
      

 
S9504    83  26m  54%  37% 
(PE/RT ->D) 
 
 

Cure is Possible 
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Distant/Metasta3c	NSCLC	
•  Systemic	Chemotherapy	

•  1st	Line	
•  3rd	Line	

•  Personalized-	Precision	Oncolgy	
–  EGFR,	ALK	mutated	

•  Immunotherapy	
–  2nd	Line	
	



NSCLC Therapy 

•  Past	
–  Non-small	Cell	Lung	Cancer	–	One	Group	
–  Organ	based	Therapy	

•  Present	
–  NSCLC	-	Many	types	

•  Defined	by	Histology,	Gene3cs	and	Immune	Profiles	
•  Tissue	and	Blood	Profiling	

–  Precision	Medicine	
•  EGFR,	ALK,	PD-1,	Squamous,	BRAF,	HER2,	ROS,	RET,	MET	
•  Plas3city	-	Serial	Biopsy	

–  Immunotherapy	
•  Biomarker	(PD1,	PD-L1)	
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Reprinted	with	permission	from	Schiller	JH	et	al.	N	Engl	J	Med.	2002;346:92-98.	
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Gem/Cis vs Pemetrexed/Cis in NSCLC 
 

NSCLC inappropriate		
	
1.5	m	improvement	
Pem	superior	in	Non-Sq	

and	Gem	superior	in	Sq	
	
 

Scagliof.	J	Clin	Oncol.	2008	Jul	20;26(21):3543-51.	
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		P	=	0.007	

0	 6	 12	 18	 24	 30	 36	

Months	

Medians:	10.2,	12.5	(2.3m	improvement)	

HR:	0.77	(0.65,	0.93)	

Sandler	NEJM	355:2542-2550,	2006	



Cancer Systemic Therapy: 
Conventional, Targeted, Personalized  
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Tumor targets 
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Personalized Oncology 

NSCLC 

Same diagnosis 

Same treatment 

Squamous 

Small Cell 

Other 
actionable 
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Histology Molecular 



Over	50%	of	NSCLC	have	an	
Iden'fiable	Driver	Muta'on	

KRAS 25% 

No Mutation 49% 
EGFR 13% 

ALK 5% 

IDH1  

HER2 
BRAF 

ROS 

MET 
PIK3CA 

NRAS 

Sequist et al, Ann Oncol 2011; Kris et al, ASCO 2011 



HER1 
erb-b1 
EGFR  

HER2  
erb-b2 
neu  

HER3  
erb-b3 

HER4 
erb-b4 

Tyrosine 
kinase 

domain 

Ligand-binding 
domain 

Transmembrane 

Roskoski. Biochem Biophys Res Commun. 2004;319:1. 
Rowinsky. Annu Rev Med. 2004;55:433. 

EGFR	(epidermal	growth	factor	receptor)	
HER	(human	epidermal	receptor	2)	



BR.21  Overall Survival 

*Adjusted for stratification factors  

SUMMARY STATISTICS:
Log-Rank test for equality of groups:  p=0.0018
Wilcoxon test for equality of groups:  p=0.0143
Survival rate at 12 months for OSI-774:  31% - % C.I . ( 27%,  35%)
Survival rate at 12 months for Placebo:  22% - % C.I . ( 16%,  27%)
Hazard Ratio of Placebo/OSI-774:  1.309 - 95 % C.I.   (1.105, 1.551)
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IPASS (Iressa Pan Asian Study) 1st 
Line 

Mok TS et al. N Engl J Med 2009;361:947-957 

• Paclitaxel-Carboplatin v Gefitinib 
• Non smoker or light  
          (quit >15y + <10 Pk-Yr) 
• N=1217,  261 of 437 (60% mut+) 
• Mut (del 19 54%, L858R 43%, ex 20 4%) 

Gefitinb PC 

Overall RR 43% 32% 

Mut(+) 71% 47% 

Mut (-) 1% 24% 

Survival 18.6m 17.3m 

39%in each arm have crossed over to alt 



IPASS  Survival 

Mok TS et al. N Engl J Med 2009;361:947-957 



IPASS: EGFR Mutation Status Prognostic, 
but NOT Predictive for Survival 

Mok TS et al. N Engl J Med 2009;361:947-957 

Mut (+) 

Mut (-) 8 m 



Currently	5	RCTs	Confirm	PFS	
Benefit	of	1st	line	TKI		

Study N  Arms Response 
Rate (%) 

Med PFS 
(mo) 

HR 

IPASS 
NEJM ‘09 

261 Gefitinib 
Carbo/paclitaxel 

71% 
47% 

9.6 
6.3 

0.48 (.36, .64) 

WJTOG 3405 
Lan Onc ‘10 

228 
 

Gefitinib 
Cis/docetaxel 

62% 
31% 

9.2 
6.3 

0.49 (.35, .71) 

NEJ 002 
NEJM ‘09 

194 Gefitinib 
Carbo/paclitaxel 

74% 
31% 

10.4 
5.5 

0.36 (.25, .51) 

OPTIMAL 
Lan Onc‘11 

165 Erlotinib 
Carbo/gem 

83% 
36% 

13.1 
4.6 

0.16 (.10, .26) 

EURTAC 
ASCO ‘11 

174 Erlotinib 
Cis or carbo + 
doce or gem 

58% 
15% 

9.7 
5.2 

0.37 (.25, .54) 

Note: none of these are expected to show an OS benefit due to 
effectiveness of EGFR TKIs in later lines



EGFR	Muta3ons	
Not	all	created	equal	



Afatinib vs Pem-Cis in EGFR (+) 
Lux Lung 3 

Sequist,	et	al.	JCO,	2013	

HER 1,2,4, dimers, T790M inhibitor 
N=345, 75% Asian 
PFS 11.1 v 6.9 m HR = 0.58  
Ex19/21 13.6 6.9 m HR=0.47 



                 WT       Sensitivity (18,19,21)  Resistance 
1st                     X                 X                        0 
2nd                     X                 X                        ? 
3rd                      0                 X                        X 
 

Inhibition of WT = Rash, GI 



Rocelitinib in T790 +/- 
 

RR  = 59%, 
PFS= 13.1 m 

RR  = 29%, 
PFS= 5.6 m 

Sequist	LV	et	al.	N	Engl	J	Med	2015;372:1700-1709.	

Hyperglycemia: 38% on hypoglycemic 
IGF-1R blocked by metabolite 

N=130 



AZD9291 in T790 +/- 
 

Janne	et	al.	NEJM.	372:	1689,	2015.	

RR  = 61%, 
PFS= 9.6 m 

RR  = 21%, 
PFS= 2.8 m 

N=253 

Osimertinib approved November 15, 2015 



EML4-ALK	

Cancer: Broken genes in solid tumours 
Meyerson  Nature 448, 545, 2007 

EML4-ALK	Transloca3on	
Echinoderm	Microtubule	associated	protein	Like	4-	
anaplas3c	lymphoma	kinase	

Both	on	Chr	2	
5%	of	NSCLC		
Cons3tu3ve	ac3ve	kinase	
Muta3on:		

	Lung,	Lymph,	Neuroblastoma	
	
ALK	

	Insulin	superfamily	
	Neurogenesis	func3on	



 Pre-Treatment  Crizotinib x 12 weeks 

Response to Crizotinib 



Crizo3nib	Response	



Ceri3nib	

Shaw	AT	et	al.	N	Engl	J	Med	2014;370:1189-1197.		Approved	May	2014	



Alec3nib	

Shaw	Lancet	2015.		Approved	Dec	11,2015	

RR 48% updated to 55% 
CNS penetration 





Immune	checkpoint	Regula3on	



PD-1,	PD-L1	

•  PD-L1	(Personalized)	
– Medimmune/AZ	
–  Genentech	

•  PD-1	(Targeted	and	Personalized)	
– Pembrolizumab	
– Nivolumab	







Squamous	Cell	Lung	Cancer	



Nivolumab	vs	Docetaxel	
in	Squamous	NSCLC	

Paz-Ares L, et al. ASCO 2015, Abstract LBA109.  
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Non-Sq	Lung	Cancer	



Non-Sq	Lung	Cancer	



PD-1	Expression	in	Tumors	

Immune Panels 
  

 







Pembrolizumab	in	NSCLC	

Garon	EB	et	al.	N	Engl	J	Med	2015.	DOI:	10.1056/NEJMoa1501824	

25% are Good (> 50%) PD-L1 



	

	

Pa3ent	CB	
57	yo	F	smoker		
•  1/10/2014	

–  Squamous	cell	lung	cancer	with	mets	to	lungs,	adrenal	
–  Taxol,	carbopla3n,	
–  gemcitabine	carbopla3n,		

•  9/1/2014		
–  PD-L1	posi3ve	
–  Atezolizumab	started	10/7/14	

Smoker,	Squamous	response	



	

	

Pa3ent	LM	
43	yo	F	never	smoker		
•  2/16/2008	

–  Brain	metastasis	resected,	WBRTX	
–  Taxol,	cispla3n,	pemetrexed,	erlo3nib,	cMet	

•  8/1/2011		
–  Phase	I	trial	of	LDK378	(ceri3nib)for	ALK	translocated	NSCLC	
–  Complete	response	on	sub-recommended	dose	
–  SRS	for	Brain	relapses	(3/14,	4/15,	1/16)	

Long	term	benefit	possible	



	

	

Pa3ent	AS	
65	yo	M	never	smoker		
•  Jan	2010	

–  Bilateral	lymphangi3c,		
–  EGFR	del	19,	Erlo3nib	bevacizumab	

•  Sept	2011	Pemetrexed	carbo			
•  	April	2014	retreatment	erlo3nib	
•  June	2014	BRAF	V600E		dabrafenib	
•  January	2015	new	biopsy	BRAF	V600E	darafenib	trame3nib	
•  Brain	Mets:	SRS	5/13,	WBRTX	7/2015	

Muta3ons	may	change	



	

	

Pa3ent	JB	
43	yo	M	light	former	smoker		
•  2003	

–  Stage	I	lung	Cancer		
–  Resected,	adjuvant	chemotherapy	

•  2008	Relapse	in	Brain	
–  SRS	for	Brain	relapses	(6/08,	4/11,	7/12,8/12)	

•  9/11/12		
–  ALK	iden3fied	and	Ceri3nib	started	
–  CR	in	medias3num	
–  no	further	brain	mets	

Brain	metastases	control	



	

	

Pa3ent	SL	
51	yo	F	never	smoker		
•  4/30/2014	

–  Path	Fx	hip,	arthroplasty,	RTX	
–  Mets	to	bones,	lung,	brain	
–  EGFR	exon	19	del,	erlo3nib	

•  4/15/2015		
–  New	small	lesion	in	chest,	RTX	to	spine,	CK153	nivolumab	

•  10/9/15	
–  Guardant	T790M	iden3fied	
–  AZD9291	(osimer3nib)	

Cf	DNA	predicts	Progression;	Brain	w/o	RTX	



Summary	
•  NSCLC	is	no	longer	an	adequate	diagnosis	
•  EGFR	and	ALK	tes3ng	in	all	lung	cancer	

– ROS1,	RET,	BRAF,	HER-2,	MET-amplified	
– T790M		

•  PD-1/PD-L1	changing	Landscape	
– Next	wave	-	Combina3on	Immune	Tx	


